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IDENTIFYING PRE-OPERATIVE PREDICTORS OF POST-SURGICAL PAIN 
IN ADOLESCENTS USING QUANTITATIVE SENSORY TESTING 
MICHAL PLOCIENNICZAK 
ABSTRACT 
Objective: Research on the role of acute post-surgical pain in children is extremely 
important in order to have a positive influence on pre-surgical preparation and post-
surgical care and to prevent pain from becoming chronic, which can extend decades into 
adulthood. This project aims to identify predictors of acute post-surgical pain in 
adolescents with idiopathic scoliosis undergoing spinal fusion by utilizing sensory 
thresholds obtained through quantitative sensory testing (QST).  
Methods: Eligible candidates were Adolescent Idiopathic Scoliosis (AIS) patients ages 
10-17 who have been recommended to receive elected spinal fusion surgery at Boston 
Children’s Hospital (BCH). 9 successfully recruited and enrolled participants underwent 
a full series of QST tests on their palmar thenar eminence (non-surgical site), and their 
lower back (surgical site). Patients’ Light Touch Detection Threshold (LTDT) and Pain 
Detection Threshold (PDT) scores were determined using Von Frey Hairs. Patients’ 
Pressure-Pain Sensation Threshold (PPST) scores were determined using a pressure 
algometer. Patients’ Warm/Cool and Hot/Cold Pain Detection Thresholds were detected 
using a calibrated thermode strapped to the skin. Following the full-series of QST tests, 
and after the patient was discharged from the hospital, a retrospective chart review was 
conducted to determine the patients’: Age at Surgery, Gender, Number of Vertebrae 
Fused (Fusion Length), Length of Surgery, Pre-Operative Self-Identified Pain Level 
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(NRS 0-10), Average Post-Operative Acute-Phase Self-Identified Pain Level (NRS 0-10), 
and daily Pain Medication Doses (Opiate Vs. Non-Opiate Vs. Total). Correlation 
calculations were done between each variable, including those determined through QST 
as well as retrospective chart review.   
 For every QST test, each patient’s individual score was compared to the cohort’s 
median score, which helped determine whether the patient was either hyper- or 
hyposensitive for that particular test. For each QST test, these hyper- and hyposensitive 
groups were then compared to see if there were any significant differences in post-
operative pain experienced. 
Results: Due to the low number of participants (N = 9), the results should be considered 
preliminary. Correlation studies demonstrate that pre-operative pain was significantly 
positively correlated with post-operative pain (r = 0.81, p <0.05), indicating that patients 
who are pre-operatively already in pain, will consequently experience the most pain post-
operatively. Additionally, fusion length had a strong positive correlation to acute post-
operative opiate pain medication administration (r = 0.71, P < 0.05), indicating that 
patients who had more vertebrae fused were given more opiates.  
Through the use of QST, we discovered that patients hypersensitive in the LTDT-
Spine QST test experienced significantly less pain post-operatively (3.22 NRS 0-10) than 
that experienced by hyposensitive patients (5.52 NRS 0-10) from the same test. Identical 
results were discovered in patients determined hyper- and hyposensitive using the PPST-
Spine test, respectively. Retrospective chart review data show that these hyposensitive 
patients were experiencing greater pain pre-operatively (0.75 NRS 0-10) than that 
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experienced by the hypersensitive patients (0 NRS 0-10), which may have contributed to 
the hyposensitive cohort’s greater post-operative pain. Although insignificant, patients 
hypersensitive in the Hot Pain - Spine QST test experienced greater post-operative pain 
(4.72 NRS 0-10) than that experienced by hyposensitive patients in the same test (4.06 
NRS 0-10).  
Conclusions: The goal of this study was to determine a substantiated hypothesis to test in 
the future, using larger pediatric cohorts. Even though it initially appears that the 
hyposensitive patients, as determined by the LTDT-Spine and PPST-Spine QST tests, 
experienced greater post-operative pain, one must consider the fact that this hyposensitive 
group experienced a significantly greater amount of pre-operative pain. Not only has pre-
operative pain been proven to have a strong correlation to post-operative pain in this 
study, it has also been proven in other larger studies as well. Other studies have identified 
a test similar to the Hot Pain - Spine QST test as a potential predictor of post-operative 
pain. The present study’s results, although insignificant, share the same conclusion that 
hypersensitive patients determined through Hot Pain - Spine QST test experience greater 
post-operative pain. Therefore, the hypothesis to test in the future in pediatric cohorts 
should read: AIS patients with no pre-operative pain who demonstrate increased 
sensitivity to hot pain on their surgical site via thermal stimulation (QST) will experience 
greater post-operative pain in the acute-recovery phase. 
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INTRODUCTION 
Each year, over 5 million children undergo surgery in the United States (Ahn et 
al., 2012). Many of these children experience pain right after the surgery, or the acute 
phase of recovery, mainly at the surgical site (Ahn et al., 2012). If such acute pain is not 
properly addressed, these children are at-risk for the development of  chronic pain that 
can result in significant burden, both emotionally (Sieberg et al., 2013) and financially, 
with the estimated costs of treating chronic pain in adults ranging between $560 and $635 
billion per year (Gaskin & Richard, 2012). Research on the role of acute post-surgical 
pain in children is extremely important in order to have a positive influence on pre-
surgical preparation and post-surgical care and to prevent pain from becoming chronic, 
which can extend decades into adulthood. This project aims to identify predictors of acute 
post-surgical pain in adolescents with idiopathic scoliosis undergoing spinal fusion by 
utilizing sensory thresholds obtained through quantitative sensory testing.  
 
Adolescent Idiopathic Scoliosis 
Adolescent Idiopathic Scoliosis (AIS) is a structural deformity in the spine and 
trunk (Weiss & Goodall, 2008) which currently affects  up to 5.2% of the adolescent 
population (Konieczny et al., 2013). AIS affects individuals between 10 and 19 years old 
(“WHO | Adolescent health,” n.d.), with a three times more likely occurrence in females 
than in males  (Konieczny et al., 2013).  Left untreated, problems such as impaired 
mobility, lower pulmonary function, as well as back pain, can develop as the spinal 
deformity progresses (Chan et al., 2013). Different treatment options are indicated 
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depending on the severity of the deformity. In moderate cases, bracing is recommended 
to keep the spinal curvature from progressing;  however its effectiveness remains a topic 
of frequent debate (Chan et al., 2013). In more severe cases, a surgical  intervention 
known as spinal fusion is indicated, which involves straightening the spine using a 
variety of wires, hooks, and screws (Sarwark, 1994). Each year, approximately 38,000 
children and adolescents undergo spinal fusion surgery in the United States (Meadows, 
n.d.). 
 
Post-Operative Pain 
Albeit a 95% success rate  (Aurori et al., 1985), elected spinal fusion is one of the 
most invasive pediatric orthopedic procedures, often associated with moderate to severe 
pain in adolescents in the acute stage of recovery (Bianconi et al., 2004). In a recent 
survey of 51 adolescents undergoing spinal fusion surgery to treat their scoliosis, the 
average reported pain was “severe” immediately after the procedure (Rullander et al., 
2013).  In some cases, such acute post-surgical pain progresses to chronic persistent pain, 
with 15% of AIS patients following a pain trajectory that indicates moderate to severe 
levels of pain 5 years after surgery (Sieberg et al., 2013) (See Figure 1). One possible 
explanation for such high levels of post-operative pain is that children and adolescents 
are frequently undertreated for their acute pain (Schechter, 1989). Among other reasons, 
poor pain assessment remains a frequent factor in the under-treatment of acute pain 
(Taylor & Stanbury, 2009). A lack of proper treatment and management of such acute 
pain can lead to psychological, clinical, and institutional consequences (Hutchison, 
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2007), not to mention financial burden for those who experience chronic pain into 
adulthood (Gaskin & Richard, 2012).  It is imperative to try and establish exactly how 
much pain younger patients are experiencing post-operatively in order to provide better 
treatment for pain.  
 
 
Figure 1. Pain trajectories in AIS patients from Pre-Op to 5 years post-surgery. While a majority of 
patients follow a trajectory of declining pain intensity, approximately 15% of AIS patients followed a 
trajectory towards moderate to severe range even 5 years after their spinal fusion surgery. Figure taken 
from (Sieberg et al., 2013). 
 
Pain as a Subjective Experience: 
Assessing the amount of pain a patient is in is difficult because the experience has 
been known to be highly subjective, especially in children and adolescents  (Tan & Cyna, 
2013). The World Health Organization defines pain as, “an unpleasant sensory and 
emotional experience associated with actual or potential tissue damage, or described in 
terms of such damage.” (“Definition of pain,” n.d.).  
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Presently, the most commonly-used technique employed by caregivers to measure 
the amount of pain a patient is experiencing is a version of the  Numerical Rating Scale 
(NRS) which asks patients to score their pain on a scale from 0-10, where 0 = No Pain, 
and 10 = Worst Pain Imaginable (Zoëga et al., 2014) (See Figure 2). Because this NRS 0-
10 score is reported by the patient, it is still vulnerable to subjectivity and thus may 
provide only modest accuracy (Krebs et al., 2007).  
 
Figure 2: The NRS 0-10 Scale. Figure take from (“A Review of the Evaluation of Pain Using a Variety of 
Pain Scales | Dannemiller Education Center,” n.d.).  
 
These limitations are only exacerbated in children and adolescents. Many nations 
strongly encourage input from the parents regarding the pain their child is experiencing 
(Brahmbhatt et al., 2012), adding a new dimension of subjectivity.  As a result, asking 
younger patients, or their parents, to rate pain following a procedure, such as spinal 
fusion, does not offer enough objective information to provide adequate treatment beyond 
standard protocol. Recent studies provide evidence that poorly managed post-operative 
acute pain in AIS patients undergoing spinal fusion surgery may have the propensity to 
progress into debilitating chronic post-surgical pain (Wong et al., 2007), therefore it is 
 5  
key to identify potentially high-risk patients who will most likely experience severe post-
operative pain, using an objective method pre-operatively.  
 
Quantitative Sensory Testing 
In an effort to objectify the experience of pain, many studies have focused on a 
novel series of techniques known as Quantitative Sensory Testing (QST). Historically, 
QST was developed to help scientists understand our personal perceptions to the world 
around us (Fechner, 1860).  QST employs a variety of methods to quantify a subjective 
experience by assessing sensory function and sensitivity (McGrath & Brown, 2006). 
Physiologically, QST takes advantage of a variety of devices that objectively stimulate a 
number of large and small sensory nerve fibers in the skin (Siao & Cros, 2003) and 
measuring patient-response. Natural stimuli, such as those evoked during a QST test, 
rarely activate only a single type of sensory receptor (Shy et al., 2003). Depending on the 
sensitivity of the patient, the signal transduced along the sensory pathway can vary 
between the sensory receptors, the primary sensory cortex, and association cortex in the 
brain (Shy et al., 2003). While some patients have sensory pathways more sensitive to 
stimuli, others have pathways less sensitive to such stimuli, depending on the excitability 
of their sensory receptors which varies from person to person. Through the use of QST, 
researchers will have the ability to assign a numerical value to a patient’s sensory 
pathway sensitivity.  
QST is an umbrella term that covers a variety of tests that quantify sensory 
perception through a series of stimuli, followed by patient feedback. Clinical 
 6  
investigators can determine a patient’s sensitivity to mechanical stimulation by applying 
Von Frey Hairs, or nylon hairs of increasing thickness, to their skin and seeing if the 
patient was able to detect a sensation (light touch detection threshold) followed by 
whether the sensation was perceived as a “sharp prick” (pain detection threshold). By 
gently increasing the force of a device known as a pressure algometer being applied to 
the patient’s skin until it becomes unpleasant, an investigator can detect the patient’s 
sensitivity to pressure stimulation, otherwise known as pressure pain sensation threshold. 
By strapping a temperature-changing thermode block to the patient’s skin, the 
investigator can determine how sensitive the patient is to warm and cool stimuli, and also 
obtain the temperature at which the patient felt the thermode either painfully cold or hot. 
The use of QST can help better understand if a patient is more or less sensitive to 
mechanical, pressure, and/or thermal stimulation by comparing test-values to reference 
values obtained in large-scale studies (Blankenburg et al., 2010; Meier et al., 2001)  
Because the test relies on verbal patient feedback, it is not completely objective. 
However, by adhering to a strict protocol and limiting answer choices, QST provides a 
great opportunity to offer a semi-objective description of a patient’s sensitivity to touch 
and pain.  
Today, QST is commonly used to understand the mechanisms of pain 
transduction and perception in both normal and pathological conditions (Arendt-Nielsen 
& Yarnitsky, 2009). Through QST analyses, researchers will be able to test and see 
whether pre-operative sensitivity to mechanical, pressure, and thermal stimuli has any 
value predicting variables such as post-operative pain levels.  
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Past Studies 
 A few studies have already looked into the employment of QST in the assessment 
of pre-operative sensitivity to a variety of stimuli, and its correlation to post-operative 
pain. In a study of 40 female subjects (aged 20-55 years old) undergoing gynecologic 
surgery, pressure pain tolerance, which is a QST-measured variable, was shown to be a 
strongly negatively-correlated with post-operative pain as well as post-operative 
analgesic consumption (Hsu et al., 2005). The results suggest that patients more sensitive 
to pressure-stimulation experienced greater post-operative pain, and used more analgesia.   
A different study analyzed the correlation of electrical pain thresholds, or the 
point at which the subject perceived a slowly strengthening electrical stimulation as 
painful, on 39 women undergoing elective caesarian-section procedures and their post-
operative pain. The results demonstrate that pre-operative pain thresholds significantly 
negatively correlated with post-operative pain at rest, indicating that more sensitive 
women to such stimuli experienced greater post-operative pain (Nielsen et al., 2007).  
A recent report provided a qualitative systematic review of 15 studies that 
compared the predictive value of different QST tests and their ability to determine acute 
post-operative pain intensity. The review concluded that suprathreshold heat pain 
determined through QST, showed the most significant positive correlation to post-
operative pain experience by identifying 4 studies reaching this unanimous conclusion 
(Abrishami et al., 2011). The suprathreshold heat pain test is a, “A magnitude estimation 
of suprathreshold noxious stimulation assessment performed by applying phasic heat 
stimuli at four different temperatures: 45°C, 46°C, 47°C, and 48°C. The subjects are 
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asked to report the level of perceived pain intensity by means of a Visual Analog Scale 
(VAS) immediately after each  stimulus” (Abrishami et al., 2011). The VAS is very 
similar to the NRS 0-10, except that the scale incorporates faces displaying increasing 
levels of discomfort along the numerical 0-10 scale (See Figure 3). In other words, 
Abrishami et al. identified four separate studies which demonstrated that patients who 
reported higher pain intensity at each thermal stimuli (45°C, 46°C, 47°C, and 48°C ) 
during the suprathreshold heat pain QST test, experienced greater pain post-operatively.  
 
 
Figure 3. The VAS Scale. Figure taken from (Susman, n.d.).  
 
 While these studies provide the groundwork for QST research involving pain and 
sensory perception and its correlation to post-surgical pain, they present a few notable 
limitations. Some of the studies did QST analyses on patients who were already 
experiencing significant pain.  It has already been demonstrated that patients who are 
experiencing pain have a different sensory-phenotype compared to healthy control 
patients (Arendt-Nielsen et al., 2010) and therefore the obtained QST scores might favor 
a certain bias that can skew results. In addition to including patients already in pain, 
almost all of the studies focused on adult populations.  
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Children and adolescents experience a greater sensitivity to pain compared to 
adults (Borgeat & Blumenthal, 2008). A current explanation states that these differences 
are due to differences in the maturation of the spinal cord. More specifically, adults 
develop a more efficient mechanism of inhibiting excitatory inputs by descending fibers, 
which dampens the excitability of the cell in the spinal cord, and thus lowers sensitivity 
(Hirschfeld et al., 2012). It is therefore reasonable to infer that QST results associated 
with adults will have little predictive value in post-surgical pain outcomes in younger 
cohorts, such as AIS patients (Blankenburg et al., 2010).  
 
The Present Study 
 Unlike the majority of published literature which focused on adult cohorts, this 
study is one of the first to look at the value of QST scores of adolescent patients in 
predicting their post-operative acute pain intensity. The present study will focus on AIS 
patients undergoing spinal fusion surgery. A full series of 14 QST tests will be conducted 
pre-operatively on AIS patients to see whether the results from any test have any 
association with the level of pain experienced after spinal fusion surgery in the acute 
phase of recovery. Spinal fusion surgery was selected because of the invasive nature of 
the procedure which frequently results in significantly higher post-operative pain 
(Rullander et al., 2013) compared to that experienced pre-operatively (Sieberg et al., 
2013).  Because AIS patients usually have no painful comorbidities, any relations found 
between sensory thresholds and post-operative pain will be directly related to the surgery.  
AIS patients with little-to-no pre-operative pain will be recruited for the study (<2 on the 
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NRS 0-10 Scale). By including patients who are experiencing a mild level of discomfort 
(<2 NRS 0-10), it will be possible to determine if there is any correlation between pre-
operative pain and post-operative pain.  
The present study is designed to determine whether baseline sensitivity to external 
mechanical, pressure, and/or thermal stimuli will have any predictive value on post-
operative pain reporting by the patient using a NRS 0-10 score. As previously described, 
the reliability of the NRS 0-10 score might provide only modest accuracy, which is why 
this study will also look for any associations between QST scores and total pain-
medication doses administered post-operatively during the patients’ acute recovery.  
 If there is any association between any QST sensitivity scores and post-operative 
pain, perhaps the pain an adolescent patient will experience post-surgically can be better 
predicted. As a result, doctors will be able to initiate more adequate and personalized 
treatment options to help control post-operative pain more effectively in adolescents and 
conceivably even stop acute pain from progressing into chronic debilitating pain during 
adulthood.  
 
Specific Aims 
 In order to measure the association between QST scores and self-reported pain 
levels post-operatively in AIS patients, the present study will: 
 
1) Recruit, consent, and enroll AIS patients (Age: 10-17) at the Boston Children’s 
Hospital Spine Clinic who are scheduled to undergo Spinal Fusion Surgery.  
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2) Perform a full series of QST tests during the patients’ pre-operative appointment to 
obtain their baseline sensitivity to mechanical, pressure, and thermal stimuli.  
 
3) Perform retrospective analysis after patient discharge to determine additional 
variables: Length of Surgery, Length of Hospital Stay, Number of Vertebrae Fused 
(Fusion Length), Pre-Operative Pain Score (NRS 0-10), Post-Operative Average Pain 
Score (NRS 0-10), and Inpatient Pain Medication Administration (Opioid, Non-Opioid, 
and Total Pain Medications Administered).  
 
Because this is a preliminary study that is the first to analyze adolescent QST scores in 
relation to post-operative pain, the present investigation should be considered a 
hypothesis-generating study. However, based on the previous literature and the 
conclusions reached in similar studies using adult cohorts, it can be hypothesized that:  
 
1a) AIS patients who demonstrate increased sensitivity to external stimuli during the pre-
operative QST tests will experience greater post-operative pain in the acute-recovery 
phase.  
 
1b) AIS patients who demonstrate increased sensitivity to external stimuli during the pre-
operative QST tests will require more medication to treat their pain in the acute-recovery 
phase.  
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Additionally,  
2a) A significant association between QST scores and post-operative pain rating, 
demonstrating that relatively hypersensitive AIS patients will report higher post-operative 
pain levels on the NRS 0-10 scale.  
 
2b) A significant association between QST scores and post-operative pain medication 
administration, demonstrating that relatively hypersensitive AIS patients will require 
more doses of pain medication.   
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METHODS 
All QST tests, and patient-related access to medical records were approved by the 
Institutional Review Board (IRB), certifying that the study, “protects the rights and 
welfare of individuals recruited for, or participating in, research conducted by or under 
the auspices of the Institution (Boston Children’s Hospital, Boston, MA)” (“Chapter 2 - 
Institutional Review Board (IRB) Mission,” n.d.). Parts of the following section have 
been adapted from Christine Sieberg, Ph.D’s protocol for the study on, “Biopsychosocial 
predictors of the development of persistent postsurgical pain in adolescents with 
idiopathic scoliosis undergoing spinal fusion surgery”. (IRB-P00000428)  
 
Recruitment 
 Eligible candidates were AIS patients ages 10-17 who were recommended to 
receive elective spinal fusion surgery at Boston Children’s Hospital (BCH). Exclusion 
criteria included inability to understand English, severe cognitive impairment, or present 
severe pain (NRS 0-10 score > 2) due to other medical comorbidities (e.g., arthritis, 
migraines). Eligible patients were identified prior to their pre-operative appointment 
using BCH’s online medical record and scheduling software, PowerChart (Cerner, UK).  
Eligible patients whose physicians indicated surgical treatment were mailed flyers 
advertising the study before their preoperative appointment. Attached to the flyer were 
opt-out cards that the patient could return if they did not wish to be approached during 
their pre-operative appointment. A week after the postmark date, these potential recruits 
were called by telephone and asked if they had any further questions about the study, and 
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whether they would be interested in participating in the study, as a form of verbal 
consent. Verbally consented prospective candidates who expressed interest over the 
phone in participating in the study were then approached on the day of their pre-operative 
appointment to sign written consents. These consented and enrolled prospective 
participants were then asked to complete a full series of QST tests on the day of their pre-
operative appointment. Participants were compensated with a 25$ Gift Certificate from 
American Express.   
  
QST - Light Touch Detection Threshold (LTDT) and Pain Detection Threshold (PDT) 
A kit consisting of 20 nylon von Frey monofilaments (von Frey Semmes-
Weinstein monofilaments, Stoelting, IL – Figure 4) with increasing diameter of the firm 
filaments was used for the testing. When applied on the skin, monofilaments exert a 
constant force, as the monofilament bends. The monofilaments are calibrated in a 
logarithmic scale from 0.008 to 300 g (0.08–2943 mN), within a 5% standard deviation. 
Numbers on each monofilament ranging from 1.65 to 6.65, represent the common 
logarithm of 10 times the force in milligrams. The monofilaments were applied in 
increasing thickness on the affected post-surgical site (lower back, over the spine) and 
unaffected site (the palm of the hand, at the base of the thumb, known as the palmar 
thenar eminence) successively, until a touch threshold was detected. The patient was also 
asked to give a clear verbal signal when the stimulus was detected. Each monofilament 
was applied three times, with approximately 10 seconds between two successive stimuli, 
to avoid temporal summation, and thus increased sensitivity. The monofilament was 
 15  
applied perpendicularly to the skin surface for approximately 2 seconds, until a bending 
of 3–5mm of the monofilament is produced.  Patients were asked to keep eyes closed 
during the testing to avoid visual feedback concerning the stimuli. The LTDT is defined 
as the logarithmic number on the monofilament in which at least two out of three 
applications on the site resulted in the perception, and subsequent reporting, of touch. The 
PDT is defined as the logarithmic number on the monofilament in which at least two out 
of three applications on the site resulted in the perception, and subsequent reporting, of 
pain or the sensation of being “pricked”. Once a pain threshold was reached, the test was 
terminated (Keizer et al.,  2007). LTDT and PDT scores were obtained for both the 
affected post-surgical surgical site (lower back, over the spine) and unaffected site (the 
palm of the hand, at the base of the thumb, known as the palmar thenar eminence).  
 
Figure 4. Von Frey hairs used in this study. These monofilaments were used to detect patients’ LTDT 
and PDT scores on the base of their thumb on their palm, as well as their spine. Figure taken from (“Touch 
Test - Pain analgesia - Pain - ANY-mazeTM,” n.d.).  
 
QST - Sensation of Pressure and Pressure-Pain Sensation Threshold (PPST) 
The sensation of pressure is transduced primarily by slowly adapting 
mechanoreceptors in the skin and muscles. Pressure algometry is the most commonly 
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used test for static mechanical pressure sensation in the skin and in deep tissues. Pressure 
algometers deliver a firm and quantifiable pressure through a flat base applied to the skin. 
The electronic pressure algometer that was used (Somedic, Sweden) is a hand-held, gun-
shaped instrument with a stimulation tip localized at the end of the barrel.  This tip is a 
pressure-sensitive strain gauge, covered by a 0.5 cm2 circular probe and connected to a 
pressure transducer built into the instrument's handle.  The probe is covered with a soft 
polypropylene disk, to avoid injury to the skin.  The pressure applied through the probe 
by the investigator is transduced, amplified, and converted to electrical reading on a 
digital display. Pressure was applied perpendicularly to the examined point, with 
increments of approximately 1 N/sec.  As soon as the subject felt discomfort/pain, they 
were instructed to notify the investigator immediately, who then automatically released 
the pressure. The algometer’s digital display showed the highest pressure (in Newtons) 
exerted immediately before the release (Brennum et al., , 1989). This process was 
repeated three times, with 20 seconds intervening between measurements, and the mean 
of these three measurements was taken as the patient's PPST score. PPST scores were 
obtained for both the surgical site (lower back, over the spine) and unaffected site (the 
palm of the hand, at the base of the thumb, known as the palmar thenar eminence).  
 
QST - Thermal Detection Thresholds 
Quantitative thermal detection thresholds were determined using the Medoc TSA-
2001 device (Medoc Ltd. Advanced Medical Systems, Ramat Yishai, Israel). The thermal 
sensory analyzer operates by a microcomputer-driven a 3.0 x 3.0 cm2 Peltier thermode, 
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shaped like a block. The entire thermode- stimulating surface is placed in contact with the 
skin testing site and secured by a Velcro band without stretch. The thermode baseline 
temperature is kept at 32°C and stimulation temperatures have a potential range of 0–
50°C. If patients were unable to feel thermal pain at the cut off temperature values of 0°C 
or 50°C, the temperature limit value was assigned to avoid potential tissue injury. The 
rate of temperature change was kept constant at 1°C/s for assessment of thermal 
sensations and at 1.5°C/s for assessment of thermal pain. The thermal stimulus intensity 
was increased/decreased linearly from the baseline thermode temperature of 32°C and 
subjects were asked to press a button when a specified sensation was first perceived. 
Halting the stimulus reset the thermode temperature to baseline.  
 Stimuli were presented as a train of four with an inter-stimulus interval of 6 
seconds for measurement of Cool and Warm Detection Thresholds (the temperature 
at which the patient could detect cool and warm, respectively), and as a train of 
three stimuli at 10-s intervals for Cold Pain and Hot Pain Detection Thresholds (the 
temperature at which the patient perceived the thermode unpleasantly cold and hot, 
respectively). Mean values of a set of responses to a train of stimuli were calculated 
as the detection threshold (Meier et al., 2001; Sethna et al., 2007; Meier et al., 
2009). Thermal detection scores were obtained for both the surgical site (lower 
back, covering the spine) and unaffected site (the palm of the hand, at the base of 
the thumb, known as the palmar thenar eminence). 
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Retrospective Chart Review  
 Following a full series of QST tests, a retrospective chart review was performed 
for each participant after they were discharged from the hospital. By searching through 
patient medical records, the following variables were quantified and/or identified: Age at 
Surgery, Gender, Number of Vertebrae Fused (Length of Spinal Fusion), Length of 
Surgery, Pre-Operative Self-Identified Pain Level (NRS 0-10), Average Post-Operative 
Acute-Phase Self-Identified Pain Level (NRS 0-10), and daily Pain Medication Doses 
(Opiate Vs. Non-Opiate Vs. Total) until discharge. Post-Operative acute pain was 
calculated as an average between daily NRS 0-10 scores obtained by doctors, nurses, and 
physical therapists throughout the patients’ acute recovery.  These variables were 
collected in order to possibly provide additional explanations for certain QST results. 
 
Statistical Analysis 
Following recruitment, QST testing, and retrospective chart review, all data were 
stored in an Excel Spreadsheet (Microsoft, 2013). Correlation calculations were 
performed between every variable in every patient, regardless of QST scores. Correlation 
coefficients >+/-0.7 were considered strong correlations. Coefficient values between +/-
0.4 and +/-0.6 were considered moderate correlations. Coefficients <+/-0.4 were not 
considered. Results will be considered significant when P < 0.05.  
For each QST test, the patients’ scores were identified as either  hypersensitive or 
hyposensitive, depending on their value in reference to the QST tests’ calculated median 
value, or in some cases the median value obtained from larger studies (Meier et al., 
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2001). For example in the LTDT – Hand test, if the median value was 0.02 grams, 
patients who detected the Von Frey hair that delivered <0.02 grams of force were 
considered hypersensitive for that test. For every QST test, the participants were grouped 
into either a hypersensitive or hyposensitive category, and collectively had their chart 
data compared to identify any significant difference between their post-operative pain 
score’s and total analgesia administration. Furthermore, additional retrospective chart 
review data were compared between hyper- and hyposensitive groups where we believed 
was most warranted to further explain any conclusions.   
Two patients were retrospectively compared as case studies. Selection criteria 
were solely focused on the number of times the patient’s registered hypersensitive or 
hyposensitive QST test scores. The patient with the highest number of hyposensitive QST 
scores had their chart data compared to the chart data from a patient with the highest 
number of hypersensitive QST scores.  
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RESULTS 
Retrospective Chart Review  
 A total of 9 eligible patients were successfully recruited, consented, and enrolled 
for this study. Data collection is ongoing. A retrospective chart review demonstrated that 
the median age of enrollees was 14 years. As expected, the majority of participants 
undergoing spinal fusion to treat their AIS were females (N = 7) as opposed to males (N 
= 2). The average length of procedure for spinal fusion surgery was 6 hours and 3 
minutes, fusing a median of 10 vertebrae. Patients stayed a median of 6 days in the 
hospital. The average pre-operative pain experienced was 0.33 on the NRS 0-10 Scale, 
and the average acute post-operative pain level was 4.36 on the NRS 0-10 Scale. The 
total opiates administered during the acute-recovery stage were a median 3 doses. A 
median of 4 non-opiate pain medication doses were administered during the acute-
recovery stage. Overall, a median of 7 total pain-related medications were administered 
during the patient’s acute recovery stage (See Table 1).  
Table 1. Collective Retrospective Chart Review Data.  
 
Retrospective Chart Review 
 
Age at 
Surgery 
(Years) 
Fusion 
Length (# of 
Vertebrae) 
Length of 
Surgery   
(Hours : 
Minutes) 
Length of 
Hospital 
Stay (In 
Days) 
Pre-
Operative 
Pain Level 
(NRS 0-10) 
Daily Post-
Operative 
Pain 
Ratings 
(NRS 0-10) 
Total Pain Medication 
Doses Received 
Opiate Non-Opiate Total 
MEDIAN: 14 10 5:45 6 0 4.13 3 4 7 
AVERAGE: 13.89 9.56 6:03 5.67 0.33 4.36 3.67 4.44 8.11 
VARIANCE: 4.77 3.8 0:02 1.11 0.44 2.03 3.33 5.58 15.65 
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Correlation Studies 
 Due to the limited number of enrolled participants, the study was underpowered, 
and did not, for the most part, generate significant correlation results comparing every 
variable with one another.  Of all the variables tested, pre-operative pain had the strongest 
positive correlation to post-operative acute pain (r = 0.81, P <0.05). This result indicates 
that those patients who are pre-operatively already in pain, will consequently experience 
the most pain post-operatively.  Additionally, fusion length had a strong positive 
correlation to acute post-operative opiate pain medication administration (r = 0.71, P < 
0.05). This result indicates that those patients who had more vertebrae fused received 
more opiate pain medication.  
 
QST 
 A full-series of QST tests were conducted on every patient. In the case of ID# 1, 
the pressure algometer did not function properly; therefore PPST data could not be 
collected. For ID#6, the thermode did not function properly which prevented thermal 
stimulation scores from being collected. Otherwise, all other data was successfully 
collected.  
Calculating the median value for each QST test, we were able to identify a 
reference value that allowed us to then determine which patients registered more 
hypersensitive and hyposensitive scores for each QST test. QST test scores beyond the 
reference median values were appropriately identified as either hypersensitive or 
hyposensitive. In four QST tests (Thermode Cool/Warm Detection on the Hand, and 
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Thermode Hot Pain / Cold Pain Detection on the Hand), reference median values from 
previous, larger, studies were used to identify hypersensitive and hyposensitive patients  
(Meier et al 2001) (See Table 2).  
Table 2. QST Scores from every patient for each test.  
Scores written in green indicate a hypersensitive score, and scores written in red indicate a hyposensitive 
score. Scores written in black are equal to the median. *Indicates median value adapted from Meier et al., 
2001. 
 
After designating each QST score as either hypersensitive or hyposensitive based 
on the scores’ value in relation to the median, the participants were then grouped for each 
Quantitative Sensory Testing (QST) - Scores 
ID # 
Mechanical  
(Units: Grams) 
Pressure 
(Units: 
Newton’s) 
Thermal – Thermode (Units: Celsius) 
LTDT 
- 
Hand 
LTDT 
- 
Spine 
PDT  
- 
Hand 
PDT 
- 
Spine 
PPST  
-  
Hand 
PPST 
- 
Spine 
Cool  
- 
 Hand 
Cool  
- 
Spine 
Warm  
-  
Hand 
Warm 
- 
Spine 
Cold 
Pain - 
Hand 
Cold 
Pain - 
Spine 
Hot 
Pain - 
Hand 
Hot 
Pain - 
Spine 
1 0.07 0.02 4 4 N/A 29.35 27.83 33.85 38.43 18.47 25.07 44.37 44.57 
2 0.008 0.008 1 0.4 6.66 4.8 29.73 29.75 33.95 34.83 28.70 30.53 36.93 36.07 
3 0.02 0.69 8 1.4 18.73 13.13 30.75 30.40 34.08 34.80 28.63 28.47 36.73 35.70 
4 0.008 0.008 1.4 1.4 8.03 5.07 31.13 30.88 33.13 35.28 27.90 24.13 36.00 42.73 
5 0.02 0.007 6 2 9.63 3.05 29.73 31.20 33.40 34.25 23.83 29.83 35.27 36.13 
6 0.04 1 1.4 1.4 30.83 18.7 N/A 
7 0.04 0.008 15 6 37.6 12.47 30.48 31.15 33.95 32.73 0.00 27.67 42.43 39.83 
8 0.02 0.4 0.04 2 26.4 23.53 30.45 30.38 35.30 33.80 0.00 0.00 46.93 36.80 
9 0.04 1 8 10 25.1 12.8 30.58 30.28 33.08 34.18 23.90 20.33 41.37 40.43 
MEDIAN: 0.02 0.02 4.00 2.00 21.92 12.64 30.50* 30.39 33.70* 34.53 14.90* 26.37 41.70 38.32* 
AVERAGE: 0.03 0.35 4.98 3.18 18.11 10.39 26.91 26.87 30.08 30.92 16.83 20.67 35.56 34.70 
VARIANCE: 0.00 0.17 20.72 8.35 115.41 44.90 0.32 1.03 0.44 2.42 129.46 87.03 16.68 10.03 
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test appropriately and retrospective chart data were analyzed to find any significant 
differences in Post-Operative Pain Reporting (See Figure 5).   
 
  
Figure 5. Comparing average post-operative pain reporting between hypersensitive and 
hyposensitive patients, as determined by LTDT-Spine and PPST-Spine QST Score.  
  Out of all QST tests, only the LTDT and PPST tests conducted on the surgical site 
(the lower back, covering the spine) identified hyper- and hyposensitive patients with 
significantly different average post-operative pain scores (because ID#1 did not register 
a PPST score due to faulty equipment and achieved a median LTDT-Spine score, their 
data was not included in the following calculations). In both QST tests, the hyposensitive 
group experienced greater post-operative pain. In the LTDT – Spine QST Test, the 
hypersensitive and hyposensitive patients reported an average post-operative pain of 3.22 
and 5.52, respectively. In the PPST – Spine QST Test, the hypersensitive and 
hyposensitive patients reported an average post-operative pain of 3.22 and 5.52, 
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respectively. Throughout the tests, different patients demonstrated a mix of both 
hypersensitive and hyposensitive QST scores, with relatively little consistency amongst 
the composition of each QST test group. However, in both the LTDT – Spine and PPST – 
Spine tests, the hypersensitive and hyposensitive groups were composed of the same 
patients, which is why the post-operative average pain reporting was identical. A relative 
retrospective chart review comparison was then warranted and conducted between the 
hypersensitive and hyposensitive patients from the LTDT-Spine and PPST-Spine tests 
(See Figure 6).  
 
Figure 6. Relative retrospective chart review between hyposensitive and hypersensitive patients, as 
determined by LTDT – Spine and PPST-Spine QST scores. Only significant differences were shown.    Between the hyposensitive and hypersensitive patients from the LTDT/PPST-
Spine Score, the only significant differences in retrospective chart data were their pre-
operative and post-operative pain levels. Hyposensitive patients in these groups had 
significantly higher pre-operative pain levels than those of hypersensitive patients (NRS 
0-10: 0.75 and 0, respectively). After surgery, hyposensitive patients from these groups 
Pre-Operative Pain Level Daily Post-Operative PainRatings
Retrospective Chart Review: LTDT - 
Spine and PPST - Spine Group 
Comparison 
HypersensitiveHyposensitive
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also had significantly higher pain levels during the acute recovery stage than those of 
hypersensitive patients (NRS 0-10: 5.52 and 3.22, respectively).  
 
Thermode – Hot Pain Spine QST Score 
 As previously stated, the suprathreshold heat pain is considered the most effective 
QST predictor of post-operative pain experienced in adult cohorts (Abrishami et al., 
2011). According to our results, although not significant, there seems to be a similar 
pattern observed during a similar QST Test on the surgical site, the Thermode – Hot Pain 
Spine score (See Figure 7). Instead of rating their pain during a variety of hot thermal 
stimuli as part of the suprathreshold heat pain QST test, the Thermode – Hot Pain Spine 
test relies on patients identifying the temperature at which they perceived the thermal 
stimuli to be painful.  
 
Figure 7. Acute-Post Operative Pain levels between hypersensitive and hyposensitive patients, as 
determined by Thermode – Hot Pain Spine QST Test Score.   
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During the Thermode – Hot Pain Spine test, patients demonstrating hypersensitive 
results experienced greater post-operative pain (NRS 0-10: 4.72) than that experienced by 
hyposensitive patients (NRS 0-10: 4.06). A relative retrospective chart review 
comparison was then conducted between these two groups of patients (See Figure 8). 
 
Figure 8. Relative retrospective chart review data comparison between hypersensitive and 
hyposensitive patients, as determined by the Hot Pain – Spine QST Test Score. Only significant 
differences were shown.   Comparing the hyposensitive and hypersensitive patients, as determined by their 
Hot Pain - Spine Score, there were a few notable significant differences. Hyposensitive 
patients underwent a significantly more invasive spinal fusion operation, fusing a median 
of 11 vertebrae, while hypersensitive patients were fused a median of 8 vertebrae. 
Hypersensitive patients also experienced greater pre-operative pain, reporting an average 
pain level of 0.75 on the NRS 0-10, compared to no pain experienced by hyposensitive 
patients. Regarding pain medication, hyposensitive patients received significantly higher 
Fusion Length Pre-Operative PainLevel Opiate DosesReceived Non-Opiate DosesReceived Total DosesReceivedTotal Pain Medication Doses Received
Relative Retrospective Comparison Between More 
Hyposensitive and Hypersensitive Patients, as determined 
by Thermode QST - Hot Pain Spine Score 
HypersensitiveHyposensitive
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average doses of opiate (4.25 doses), non-opiate (5.25 doses), and total pain medications 
(9.5 doses) throughout their acute recovery phase, than the amount received by the 
hypersensitive patients (2.5, 3.25, and 5.75, doses respectively).  
 
Case Review 
 Two participants were selected for an in-depth comparison chart review. These 
participants, who were able to complete every sensory test, demonstrated primarily either 
hypersensitive or hyposensitive QST scores.  ID#8’s QST test scores demonstrated 
greater hyposensitivity in 9 QST tests, greater hypersensitivity in 3 tests, and achieved a 
median QST test score in 2 tests. ID#8 was therefore deemed an appropriate candidate for 
hyposensitive retrospective case review study. ID#4’s QST test scores demonstrated 
greater hypersensitivity in 11 QST tests, greater hyposensitivity in 3 QST tests, and 
achieved a median QST test score in none of the tests. ID#4 was therefore deemed an 
appropriate candidate for hypersensitive retrospective case review study. The patients’ 
charts were reviewed and compared side by side (See Table 3).  
Table 3. Case review comparing a predominately hypersensitive patient and hyposensitive patient, as 
determined through a full-series of QST tests.  
 
Age at 
Surgery 
(Years) 
Fusion 
Length (# of 
Vertebrae) 
Length 
of 
Surgery   
(Hours) 
Length of 
Hospital 
Stay (In 
Days) 
Pre-Operative 
Pain Level 
(NRS 0-10) 
Daily Post-
Operative 
Pain Ratings 
(NRS 0-10) 
Opiate 
Pain 
Doses 
Received 
Non-
Opiate 
Pain 
Doses 
Received 
Total 
Doses 
Received 
Hyposensitive 
(ID#8) 17 9 5.25 5 2 7.25 3 1 4 
Hypersensitive 
(ID#4) 14 8 8.5 6 0 3.75 3 4 7    The hyposensitive patient was 17 years old. The hypersensitive patient was 
younger at age 14. While the hyposensitive patient had a 5.25 hour long surgery fusing 9 
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vertebra, the hypersensitive patient had an 8.5 hour long surgery that fused 8 vertebrae. 
The hypersensitive patient stayed in the hospital for a longer period of time (6 days), 
compared to the hyposensitive patient (5 days). Pre-operatively, the hyposensitive patient 
experienced more pain (2, NRS 0-10), while the hypersensitive patient had no pain. Post-
operatively, the hyposensitive patient experienced more pain (7.25 NRS 0-10), than that 
experienced by the hypersensitive patient (3.75 NRS 0-10). In terms of pain medication, 
the hypersensitive patient received more doses of total pain medications (7 doses), 
compared to the doses received by the hyposensitive patient (4 doses). Both patients 
received the same amount of opiates (3 doses), and the hypersensitive patient received 
more non-opiate medications (4 doses), compared to non-opiates received by the 
hyposensitive patient (1 dose).    
  
 29  
DISCUSSION 
 Because so many children undergo surgical interventions across the world, it has 
become imperative that better predictors of pain be identified so that acute post-operative 
pain can be better managed. It has been demonstrated that a percentage of post-surgical 
adolescents who experience acute post-operative pain will continue to experience chronic 
post-operative pain for many years, which can lead to financial (Gaskin & Richard, 2012) 
and emotional burden (Sieberg et al., 2013). If we can better predict the amount of acute 
post-operative pain an adolescent patient will experience, we may be able to tailor 
personalized treatment options and manage such acute pain more effectively and possibly 
spare the patient from years of chronic pain. While using QST scores as a way to predict 
post-operative acute pain has been studied in adult populations, it has been largely 
neglected in pediatric populations. By better understanding the adolescent sensory 
thresholds, perhaps a more objective approach can be used to predict and therefore treat 
acute post-operative pain.  
 The objective of this study was to examine any possible associations between AIS 
patient QST scores and their acute post-operative pain. Additionally, any association 
between QST scores and pain medication administration was also considered. Although 
this is the first study of its kind, we used results from similar studies conducted on 
different cohorts to hypothesize that hypersensitive AIS patients will experience greater 
post-operative pain and will require a greater amount of analgesia.  
AIS patients were considered most appropriate for this study because of their 
relative lack of pre-operative pain compared to that experienced post-operatively. As a 
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result, the surgery would be the only source of acute post-operative pain, allowing for the 
examination of how sensory thresholds may predict post-operative pain.  
 
Correlation Studies 
 Due to the low number of participants enrolled, the study was underpowered and 
did not yield many significant correlations. Out of every variable tested, pre-operative 
pain had the greatest, and most significant, correlation to post-operative pain (r = 0.81, 
P<0.05). This strong positive correlation suggests that patients who are already in pain 
pre-operatively will experience the most pain post-operatively. A recently published 
qualitative systematic review of 48 eligible studies supports this conclusion by 
identifying 6 studies that also demonstrate a significant positive correlation between pre-
operative and post-operative pain intensity (Ip et al., 2009). Therefore, it is reasonable to 
infer that for future purposes, patients with greater pre-operative in pain should be more 
carefully monitored and provided with additional pain treatment options.  
Although not as strong, fusion length also had a strong positive correlation to 
acute post-operative opiate pain medication administration (r = 0.71, P < 0.05). This 
result indicates that patients who had more vertebra fused received more opiate 
analgesics, which could explain the finding that there was no significant correlation 
found between fusion length and post-operative pain level since those patients who had 
more vertebra fused had their pain treated more aggressively with additional analgesia. 
However, given the under-powered sample, these results should be interpreted with 
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caution but offer interesting preliminary data suggesting a need to further explore these 
relationships.  
 
QST 
 The purpose of this study was to analyze the potential value of sensory thresholds 
obtained through QST in their ability to predict post-operative pain. After obtaining 
nearly every QST score for every patient (ID#1 did not have their PPST scores obtained 
due to a faulty algometer. ID#6 did not have their thermal stimulation scores due to a 
malfunctioning thermode) we calculated median reference values, or used those that were 
obtained in larger-scale studies where applicable, to appropriately label participants in 
each test either hyposensitive or hypersensitive, depending on the participant’s particular 
QST score for that test relative to the median score. For each QST test, a retrospective 
chart review comparison was done between the tests’ hyper- and hyposensitive 
participant-groups to see if there were any significant differences between certain 
variables, focusing primarily on self-reported post-operative pain scores. Out of every 
QST test, only the hyper- and hyposensitive groups, as determined by the PPST-Spine 
and LTDT-Spine QST Tests, had a significant difference between their self-reported 
post-operative pain scores. 
A retrospective analysis comparing hypersensitive and hyposensitive participants, 
as determined through PPST-Spine and LTDT-Spine QST scores, demonstrated that 
hyposensitive patients had significantly greater post-operative pain (5.52 NRS 0-10) than 
that experienced by hypersensitive patients (3.22 NRS 0-10). This result suggests that 
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hypersensitive patients experienced less pain post-operatively, than that experienced by 
hyposensitive patients.  
This outcome contradicts the conclusions reached by a different study analyzing 
the corollary value between PPST scores conducted on the surgical sites of 40 women 
undergoing gynecologic surgery and their post-operative acute pain levels (Hsu et al., 
2005). In that study, PPST scores were shown to be significantly negatively correlated 
with post-operative pain, meaning that patients hypersensitive to pressure stimuli 
experienced greater pain (Hsu et al., 2005). Consequently, the present results obtained 
from PPST-Spine and LTDT-Spine QST tests initially appear to contradict this study’s 
proposed hypothesis which states that hypersensitive patients would experience greater 
post-operative pain.  
A retrospective review comparing chart data between LTDT-Spine and PPST-
Spine hypo- and hypersensitive patients indicate that the hyposensitive patients 
experienced significantly greater pre-operative pain. As demonstrated in the correlation 
study, pre-operative pain has a strong positive corollary relationship to post-operative 
pain. Because other, larger-scale, studies reached the same conclusion, it is reasonable to 
infer that the greater post-operative pain experienced by hyposensitive PPST – Spine and 
LTDT – Spine patients was attributed to pre-operative pain intensity, and not the 
contradictory QST scores.   
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Thermode – Hot Pain Spine QST Score 
 According to a qualitative review of 15 eligible studies that looked at the value of 
different QST scores predicting acute post-operative pain, it has been demonstrated that 
suprathreshold heat pain was the most effective predictor of post-operative pain 
experienced in adults (Abrishami et al., 2011). The suprathreshold heat pain test involves 
applying a thermode set to different intolerable temperatures and measuring patients’ 
pain levels using the VAS 0-10 Scale. While the present study did not incorporate the 
suprathreshold heat pain test in the QST data collection, the Thermode - Hot Pain QST 
Test was the most similar. In the Thermode - Hot Pain QST test, participants were asked 
to identify the point during the thermal stimulation test when the thermode became 
unpleasantly and painfully hot.     
 In the present study’s Thermode-Hot Pain QST test conducted on the surgical site 
(lower back, covering the spine), we noticed a larger average amount of post-operative 
pain experienced by hypersensitive patients than that experienced by hyposensitive 
patients. Although insignificant, the hypersensitive patients, as determined by Thermode-
Hot Pain Spine QST score, experienced an average pain rating of 4.72 on the NRS 0-10 
Scale while hyposensitive patients experienced an average rating of 4.06 on the NRS 0-
10 Scale. This result supports the proposed hypothesis. A relative retrospective chart 
review comparison was therefore warranted to compare additional variables between 
these two groups of patients.  
 Comparing retrospective chart review data between hyper- and hyposensitive 
patients, as determined through Hot Pain Spine QST scores, we noticed a few significant 
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differences. The hyposensitive group had a significantly more invasive surgery, fusing a 
median of 11 vertebrae, compared to the median 8 vertebrae fused in the hypersensitive 
cohort. Perhaps this is why the hyposensitive group received a significantly higher 
average number of opiate, non-opiate, and total number of analgesics (4.25, 5.25, and 9.5 
doses respectively), than those received by the hypersensitive group (2.5, 3.25, and 5.75 
average doses respectively). Because of the higher number of analgesics administered, 
this might explain the insignificantly lower amount of post-operative pain experienced by 
the hyposensitive Hot Pain Spine QST score cohort. Most notably however, 
hypersensitive patients experienced a significantly greater amount of pre-operative pain, 
registering an average 0.75 score on the NRS 0-10, compared to 0 pain (NRS 0-10) 
reported by the hyposensitive group. Although an NRS score <1 may seem relatively 
mild, it should be noted that any value greater than 0 indicates a certain level of 
discomfort, not matter how mild or severe.  Based on our correlation studies, pre-
operative pain has a strong value predicting post-operative pain, so while the Hot Pain -
Spine QST score’s ability to predict post-operative pain seems promising, future studies 
must consider the effect pre-operative pain had on this outcome.  
 
Case Review 
 Two patients were selected to represent either a generally hypersensitive case or a 
generally hyposensitive case, depending on how many times they registered a 
hypersensitive or hyposensitive QST score, respectively. Chart data was reviewed side by 
side. Based on the results from the retrospective chart review comparing two particular 
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patient cases, a few notable conclusions were reached. Contrary to the initial hypothesis, 
the hyposensitive patient registered a higher average post-operative pain score (7.25 NRS 
0-10) than that of the hypersensitive patient (3.75 NRS 0-10). There are three possible 
explanations for this:  
 
 1) The hyposensitive patient had not only more vertebrae fused, but also received 
less total analgesia which would mean their surgery was more invasive and perhaps not 
adequately treated for pain.  
 
 2) The hyposensitive patient experienced greater preoperative pain (2 on NRS 0-
10), than that experienced by the hypersensitive patient (0 on NRS 0 – 10). Based on our 
observations, and conclusions reached by other, larger, studies; pre-operative pain is 
significantly positively correlated with post-operative pain and may provide the necessary 
explanation for the greater post-operative pain experienced by the hyposensitive patient. 
 
 3) Although the hyposensitive patient registered primarily hyposensitive QST 
scores, their Hot Pain - Spine QST score was the opposite. In fact, both the hyposensitive 
and hypersensitive cases had reciprocal Hot Pain- Spine QST scores. The hyposensitive 
patient reported a painful sensation when the thermode on their lower back reached a 
temperature of 36.80 degrees Celsius, while the hypersensitive patient reported a painful 
sensation when the thermode on their lower back reached 42.73 degrees Celsius. 
Therefore, the predominately hyposensitive patient demonstrated greater spinal hot pain 
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sensitivity, and subsequently reported greater post-operative pain. On the contrary, the 
predominately hypersensitive patient demonstrated lower spinal hot pain sensitivity, and 
subsequently reported lower post-operative pain. This conclusion is supported by not 
only our general observations of the entire Hot Pain - Spine cohort, but also by the 
recently published qualitative review of QST scores and post-operative acute pain by 
Abrishami et al. 2011.  
 
Conclusions 
 Since this study comparing QST scores in adolescent surgical patients was the 
first of its kind, the preliminary data collected should be used to generate a substantiated 
hypothesis for future analysis. Based on a previous qualitative review, suprathreshold 
heat pain QST was deemed the most effective tool predicting post-operative pain in adult 
cohorts. In our study, although statistically insignificant, a similar QST parameter 
measuring the point at which the thermal stimulus on the surgical site became painful, or 
Hot Pain - Spine QST score, followed the same predictive patterns as suprathreshold heat 
pain test (Abrishami et al., 2011).  
This study has also provided further evidence that pre-operative pain intensity has 
a significant positive correlation to pediatric post-operative pain, which supports similar 
research using adult cohorts (Ip et al., 2009). Based on our data, pre-operative pain 
intensity in AIS patients is significantly positively correlated to post-operative pain (r = 
0.81, P < 0.05).   
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For a future study, it would be of incredible clinical value to test the following 
substantiated hypothesis: 
 
1) AIS patients with no pre-operative pain who demonstrate increased sensitivity 
to hot pain on their surgical site via thermal stimulation (QST) will experience greater 
post-operative pain in the acute-recovery phase. 
 
Limitations 
 This study did present with it some limitations. Given that data collection is 
ongoing, the present sample size was small and under-powered, so all results needed to 
be interpreted with caution. While the recruitment strategy worked, there were simply not 
enough patients being indicated for surgery during the study’s period of data collection. 
Perhaps if this study was conducted at multiple sites within a region, more patients could 
be recruited in a given amount of time, and more data could be collected for statistical 
analysis. At the time of this thesis’ submission, an additional site has been selected, and 
successfully approved by the IRB to conduct Christine Sieberg Ph.D.’s protocol in its 
entirety. Stuart Weinstein, M.D. will conduct the study at the University of Iowa 
Hospitals & Clinics.  
 Because scoliosis primarily affects females, who in this study were predominately 
Caucasian, we cannot say with a certain degree of certainty that identical results would be 
reproduced in male, or perhaps even minority, cohorts. As a result, by increasing our 
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recruitment numbers, hopefully more demographics will be included in the sample size 
and such differences can be taken into account when analyzing the results.  
The study’s source of NRS 0-10 pain score data came from doctor, nurse, and 
physical therapist notes obtained retrospectively during the chart review portion of data 
collection. There were no explanations to the pain scores regarding influential factors like 
pain medication administration, which alleviate pain, and physical therapy sessions, 
which exacerbate pain. It would have been useful to ask the patient to keep a pain diary 
throughout their acute recovery stage so that they could report their pain levels daily, 
prior to any pain medication administration or physical therapy exercises so that the 
scores can most accurately reflect their state of pain. At the time of this thesis’ 
submission, this issue has been addressed, and patients recovering from spinal fusion 
surgery will be provided with simple pain diary forms to fill out throughout their in-
patient stay.  
   
Future Directions 
 This study provides a solid foundation that will contribute greatly to future studies 
measuring the value of objective data like QST scores in predicting acute post-operative 
pain. If the limitations are addressed, more meaningful and significant conclusions can be 
reached to positively impact perioperative preparation and reduce the acute pain 
adolescents face post-operatively. The purpose of this study was to identify an objective 
method that predicts how much pain a pre-operative patient will experience post-
operatively. In this regard, the hot-pain score determined using a thermode on the 
 39  
surgical site shows some initial promise. However, because QST requires patient 
feedback, there remains a semi-subjective component to the test, and thus defeats the 
purpose of the QST as a truly objective method to describe a patient’s sensory thresholds. 
Perhaps taking advantage of other biologically based measures would be an interesting 
future direction.  
Functional magnetic resonance imaging (fMRI) may hold the key to identify 
objective measures of pain. A recent publication identified certain brain patterns, or pain 
signatures, specifically related to heat, warmth, and social pain (Wager et al., 2013). 
Physical pain signatures have not yet been discovered. It would be of great value to study 
the brain activity patterns during a full series of QST tests using fMRI. If there really 
does exist a correlation between Hot Pain QST scores and post-operative pain, the next 
step would be to see if there would be any correlation between Hot Pain QST scores and 
different types of brain activity detected by fMRI.  
Perhaps in the future, doctors will be able to run a Hot Pain QST test while 
looking at a screen of brain fMRI activity and objectively predict the exact amount of 
pain a patient will experience post-operatively. Given a particular result, doctors will be 
able to then initiate tailored treatment options to maximize analgesic effects and prevent 
chronic debilitating post-operative pain from ever developing.    
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